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ABSTRACT
We have determined the DNA sequence of the H-2Kk gene of the
mouse major histocompatibility complex (MHC). Comparison on the
nucleotide and protein level of three H-2K alleles (Kk, Kb and
Kd) reveals a high degree of homology, in particular between the
Kb and Kk alleles. Differences between the two latter antigens
are almost exclusively confined to the c1 and a2 domains. At
nine positions in the extracellular part of the molecules we have
found allele-specific amino acids. Interestingly, 78% of these
residues are either polar or carry hydroxyl-groups. This makes
it likely that they are exposed on the surface of the molecules
and might then be part of antigenic determinants. We have also
identified potentially allele-specific nucleotide sequences of
the K genes which might be used as specific DNA probes.
INTRODUCTION
The murine major histocompatibility complex (MHC) encodes the
transplantation antigens H-2K, D and L (1,2). These class I anti-
gens consist of a heavy chain (MW 45000) non-covalently associated
with a2-microglobulin (MW 12000). The heavy chain is an integral
membrane protein with the largest part of the molecule exposed on
the cell surface and the remaining onefourth of the protein span-
ning the plasma membrane and protruding on the cytoplasmic side.
The extracellular part of the molecule can be divided into three
domains (al, a2 and a3) each comprising approximately 90 amino
acids. The primary structure of the protein has been determined
for the H-2Kb molecule (3). One of the most striking features of
the class I antigens is their high degree of polymorphism. More
than 50 alleles at each of the K and D loci have so far been iden-
tified (2).
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The class I histocompatibility antigens play an important
role in the T cell mediated immune response. During viral in-
fection cytotoxic T lymphocytes show a specificity not directed
against the viral proteins themselves but against the viral anti-
gens in the context of self-determinants contained on H-2 class I
antigens. The role of the transplantation antigens seems to be
to restrict the recognition so that only the infected cells are
lysed. This phenomenon has been called H-2 restriction of cyto-
lytic T lymphocytes (4,5,6).
During the past few years the understanding of the molecular
biology of the H-2 complex has advanced dramatically. By using
recombinant DNA technology, several laboratories have isolated
and characterized class I genes (7,8,9,10,11) and a molecular map
of the H-2 complex has been constructed (12).
The H-2 class I genes so far analysed display a high degree
of homology. They all have 8 exons which correlate with the do-
mains of the corresponding antigen. The first exon encodes the
signal sequence, known to be of importance for translocation of
the newly synthesized polypeptide through the membrane of the
rough endoplasmic reticulum (13). Exons 2,3 and 4 encode the
three extracellular domains of the antigen, al, a2 and a3, res-
pectively. Exon 5 encodes the transmembrane domain, whereas
exons 6, 7 and 8 code for the cytoplasmic domain and the 3' un-
translated region. The overall length of an H-2 class I gene is
approximately 5000 nucleotides (for a review see 14).
Two alleles of the H-2K locus, Kb and Kd, have already been
characterized (11,10). In this report we describe the isolation
and characterization of a third allele of the H-2K locus, the Kk
gene. This allows us to make a comparison, on the protein as well
as on the DNA level, of three alleles from an H-2 class I locus.
MATERIALS AND METHODS
Isolation of lambda phages containing H-2 sequences and
Southern blot hybridization
The H-2 lambda phage library was a gift from H. Lehrach and
A.-M. Frischauf. The library was constructed from DNA of the
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strain BlO.BR partially digested with the restriction enzyme
Sau 3A1 and cloned into the Bam HI site of the EMBL3 vector (15).
Phage clones containing genomic DNA were identified by plaque hy-
bridization (16). Phage DNA was prepared as described (17).
Southern blot analyses of phage DNA were carried out as described
elsewhere (10).
DNA restriction mapping and sequence analysis
Restriction maps of lambda phage clones were constructed either
as previously described (18) or by using two or several restric-
tion enzymes in consecutive reactions. For DNA sequence analysis
we have used the subcloning deletion method (19). Overlapping
clones were sequenced by the procedure of Maxam and Gilbert (20).
Cell culture and DNA-mediated gene transfer
The introduction of the -H-2K genes into the fibroblast cell line
1T 22-6 was done as previously described (21,23). Selection of
clones expressing H-2K antigens was done using the neophospho-
transferase gene system (22). These experiments have been pub-
lished in detail elsewhere (23).
Other methods
Immunoprecipitations and sodium dodecyl sulphate polyacrylamide
gel electrophoretic analyses were performed essentially as des-
cribed before (24). For the detection of the H-2Kk antigen the
monoclonal antibody H100-27R55 was used (25).
Materials
Restriction enzymes and DNA modifying enzymes were purchased from
Boehringer, Mannheim, FRG. (a- 32P)dNTPs (lOmCi/ml, 3000Ci/mmol),
(Y- 32P)ATP (lOmCi/ml, 5000Ci/mmol) and 35S-methionine were from
Amersham, U.K. GeneScreen filters were from New England Nuclear.
Protein A-sepharose was from Pharmacia Fine Chemicals (Uppsala,
Sweden). Geneticin (G-418) was purchased from GIBCO.
RESULTS
Isolation of genomic lambda clones containing H-2 specific
sequences
A genomic library, constructed from liver DNA of the mouse strain BlO.BR
(H-2k) and the vector EMBL 3 (15), was screened with the cDNA probe pH-2d-4
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(26). This probe has its 5' end at a position corresponding to the 3' end of
exon 3 of the Kd antigen and continues through the a3 domain (exon 4), the
membrane and the cytoplasmic domains and ends after a stretch of approximately
50 adenosine residues at the 3' end. Since it contains the highly conserved
region of the a3 domain, we expected it to recognize most, if not all, H-2
class I genes in the mouse genome. Approximately, 5x105 individual lambda
clones were screened, of which 112 were found to hybridize specifically to
the H-2 probe. The number of clones screened corresponds to roughly 3 times
the haploid mouse genome. The 35-40 genes detected per haploid genome are in
agreement with data reported before (12).
From 40 of the 112 clones picked, DNAs were prepared and analysed in pools
(5-10 individual clones per pool) for their ability to hybridize to an H-2K
locus specific probe (pH-2d-5b). This probe originates from the 3' untransla-
ted region of the Kd gene as has been characterized previously (27).
DNAs from the different pools were subjected to digestion with the re-
striction enzyme Bgl II, the fragments were separated on an agarose gel, trans-
ferred to a GeneScreen filter and hybridized with the radioactively labelled
probe pH 2d-5b (27). Two of the six pools examined contained a single hybri-
dizing fragment. The sizes of these fragments were 3.2 Kb and 2.4 Kb, respec-
tively. In a Southern blot experiment with total genomic B1O.BR DNA we were
unable to detect these two bands, most likely for the following reasons:
First, each band seems to represent a single copy gene and secondly, the probe
pH-2d-5b contains approximately 75% A+T residues which makes hybridization
experiments with total DNA difficult. DNA from the individual clones of pools
4 and 2 were then analysed in a similar way. Two clones, termed 6D and 7A,
were shown to contain DNA sequences complementary to the probe pH-2d-Sb.
These two clones were considered to be candidates for the authentic H-2Kk gene
and were fiurther analyzed by two independent techniques, described below.
Restriction mapping and DNA-mediated gene transfer of H-2K genes
The restriction maps for clones 6D and 7A reveal a high degree
of homology but differ at three positions in the 3' flanking
region (Figure 1). This indicates that the clones contain two
individual H-2 genes. By using 3' and 5' H-2 specific DNA probes
in Southern blot experiments, we could show that clone 6D does
not contain a complete H-2 gene. This clone does not hybridize
to the 5' specific probe containing a sequence encoding the al
9476
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7A R H R HK K R Xh B B K K
LA'-'--'-"' RA
5,1Kb,
6D R H R K KR Xh B B
LA-' ' J/_'_'_'_'_'_'_'_ RA
27-2~~~~~~~~'5'27-2 R H R K KR Xh B B H B R
Figure 1. Restriction maps of the lambda clones 7A, 6D and
the cosmid clone 27-2.
The vertical arrows denote the three differences between clones
7A and 6D. The horizontal bars underneath each of the restric-
tion maps show the extent of the H-2 gene. For clone 6D the 5'
end of the gene is missing and this is indicated by the dashed
bar. LA and RA mean the left and the right arms, respectively,
of the lambda phage DNA. The sign X. denotes lambda phage or cos-
mid DNA sequences. Enzymes used were: B, BamHI; H, Hind III; K,
Kpn I; R, EcoRI; Xh, Xho I.
domain of the H-2 Kd gene. Also the homology between the two
clones indicates that the 5' end of the gene in clone 6D is mis-
sing. This is the result of the cloning procedure used. The H-2
gene in clone 6D contains all the sequences encoding exon 4 to
exon 8 as well as the 3' non-coding region but lacks the first
three exons upstream of the Bam HI site. Clone 7A contains a com-
plete H-2 gene according to restriction mapping and Southern blot
analysis.
In order to find a complete gene corresponding to the gene in
clone 6D, we examined the other clones originally selected to con-
tain H-2 sequences. None of these clones contained a complete
gene corresponding to clone 6D or a gene which with certainty
could provide the authentic 5' end of the gene in clone 6D.
We then examined a cosmid clone,27-2 (28)(generously provided by
M. Steinmetz) which originates from a cosmid library of DNA from
the mouse strain AKR (H-2k). Clone 27-2 was selected on the basis
of its hybridization to the K-locus specific probe (pH-2d_5b) and
therefore could be considered a candidate for containing the H-2Kk
gene. By comparing the restriction map of cosmid clone 27-2 with
clone 6D and 7A, it is clear that clones 27-2 and 6D are identical
at their 3' ends and that the former, in addition, contains the
sequences upstream of the Bam HI site of clone 6D (Figure 1).
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By using DNA-mediated gene transfer experiments with each of
the clones we could demonstrate that only DNA of clone 27-2 gave
rise to cells expressing the authentic H-2Kk gene (23). Transfec-
ted cells were analysed with both sodium dodecyl sulphate polyacry-
lamide gel electrophoresis and fluorescence activated cell sorter
analysis.
From the experiments described above, we conclude the fol-
lowing: (i) Clone 27-2 contains the H-2Kk gene of the AKR mouse.
(ii) Clone 6D probably contains the 3' end of the H-2Kk gene of the
mouse BIO.BR. (iii) Clone 7A contains the DNA sequence of a com-
plete H-2 gene bearing at its 3' end the H-2K locus specific se-
quence. This clone contains an H-2 gene from the BlO.BR genome
but it is not the authentic H-2Kk gene.
Amino acid and nucleotide comparison of three H-2K class I genes
The 10.5 Kb Eco RI fragment of cosmid 27-2 was recloned into the
unique Sal I site of pBR 322 by using Sal I linkers. Plasmid
clones containg the 10.5 Kb fragment were selected and for one of
these, clone 27-2-86, a partial restriction map was constructed
(Figure 2). In order to determine the nucleotide sequence of the
Kk gene, clone 27-2-86 was subjected to the subcloning deletion
method (19). We have used the Cla I linker to introduce the cor-
responding restriction site at different positions along the DNA
as described elsewhere (23). The DNA sequence was determined and
aligned with those of the Kb and Kd genes (11, 10) to identify the
exon-intron boundaries (Figures 2 and 3).
The nucleotide sequence of the Kk gene shows extensive homo-
logy with other H-2 class I genes (Figure 3). It is encoded by
8 exons of varying lengths separated by introns. Two transcrip-
tion promoting elements are found upstream of the gene. The TATA
box is located 55 nucleotides upstream of the initiation codon ATG
and the CCAAT-box is found another 27 nucleotides upstream. Both
these sequences have been postulated to play an important role in
gene regulation (29). Both sequences are located at almost iden-
tical position in the Kb and Kd genes.
We have compared the three H-2K alleles with respect to nuc-




HR H H H HR H R R HR R RR
P R
St gXBH X S S X B Bg B St
2 4 6 8 10 Kb
Figure 2. Restriction map of the 10.5 Kb fragment containing the
H-2Kk gene of cosmid 27-2.
The 10.5 Kb EcoRI fragment was cloned into the Sal I site of
pBR322 by using Sal I linkers. Filled boxes denote exons and open
boxes denote introns and flanking sequences. The dashed box shows
the 3' untranslated region. The horizontal arrow underneath the
detailed restriction map indicates the region for which the DNA
sequence has been determined. Enzymes used were as in Figure 1
and in addition: Bg, Bgl II; S, Sma I; S1, Sal I; X, Xba I.
two andthree(encoding the al and a2 domains) display the lowest de-
gree of homology (88-92%) whereas the cytoplasmic exons show the
most extensive homology (97-100%). The Kb and Kk genes are
slightly more homologous to each other than to the Kd gene.
There are only nine nucleotide differences between Kb and Kk in
exons 4 to 8 and they differ by only 13 nucleotides from the start
of the a3 domain (exon four) to the termination codon. Thus, Kb
and Kk sequences are 99% homologous (13 differences out of a
total of 1089 nucleotides) in this region. This degree of con-
servation in coding as well as in non-coding sequences is remar-
kable.
The overall homology on the protein level between the three
antigens is for Kb_Kk 90%, for Kd-Kk 86% and for Kb-Kd 83%. Thus,
the Kb and Kk antigens are much more similar to each other than
to the Kd antigen. Of the total of 35 amino acid differences be-
tween Kb and Kk, 27 are contained in the al and a2 domains
(Figure 4). Only two differences are found in the a3 domain
(Figure 4, positions 191 and 225). This is a surprisingly low
number, considering that Kd and Kk have 11 amino acid substitu-
tions and Kb and Kd have 12 substitutions in the same region.
Amino acids unique at certain positions for each allele are found
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TTCTGTGTATAGTTGTGCAGTTCCTTCTACTGTGATTAAGUTC&ACMCCTGUCACTG"GAAGTCCC GC GTCCAGTGGAGACAGCGATTAGTGCCCTGCTGTC I120
TC TTG=CACAGGGCCTCTTCAGTGGACAAGGCCGCTCCTGTGCTG AAACMTG TCCCAGGT CACAGAGACAAACTCAGGACTCAGMGAATGGATCCTTGTTTCAATACACA 240
360
AGTCTACACTTAACAGATGAGTCCTGCACTCAGGCTTGCCAGTGCTGAGCCACCCATTGCAGGTGAACAGAGCCTAGTCTCTGGGGCrCGCTGCTTGCAGCCCAGAGCCTCGACT 480
TTAGGGAAACCTCCTCCACTGCATCCCTAGGCGCTTGT GTCACCATTGTATTCCGAGGCTTT CTA AAGCTICCA GCCTCTGACCTCTAAAGAGGGAGGG 600
Mk__CCTGGCTGCGGGTCTTCCTGGTCITTCAGSmCTGGACAGCCGAGAtCGACAGCACAGGTCAGCAAATCTAGTTC CCAGGC 720
GGTGAGGTCAGG;CTCGGAACCCAGGGCTGGGGCATTCCCCATCTCCACAGTTTCACTTCTGCTCCTAACCTGGGTCGTCCTCCTGTCCGGACACTGTTGACGCACTCAGCTCTT 840
ACCCCCATTGGGTGGCGCGATCACCAAGAACCAATCAG;TGTCGCCGCGGACGCTGGCTA AAA CACGCAGCCC=GGACTCAGAACTCTCGAATCGCCGACCGGTGCG 952
Met Ala Pro Cys Met Leu Leu Leu Leu Lou Ala Ala Ala Leu Ala Pro Thr Gln Thr Arg Ala G Exon I
ATG GCA CCC TGC ATG CTG CTC CTG CTG TTG GCG GCC GCC CTG GCC CCG ACT CAG ACC CGC GCCG G GTSC&GTACCGGACCGGGGhCGCCG 1050
GGGGACGGGCGGCACCGGGAGCCGCGTCCTCGGGTCGCCCACCGGACCCTCCGCCCCTTCTCCACCTGCGTCCCGAGTCCCGCGCCCTGCTCCCCTCTCAGCCCGCGCAGCCGCCCGG 1170
Exon 2 ly Pro His Ser Lou Arg Tyr Phe His Thr Ala Val Ser Arg Pro Gly Leu Gly Lys
GGTCTGGTGAGGAGGTCCGGGTCTCACCGCGCGCCGCCCCCAG GC CCA CAT TCG CTG AGG TAT TTC CAC ACC GCC GTG TCC CGC CCC GGC CTC GGG AAG 1269
Pro Arg Phe Ile Ser Val Gly Tyr Val Asp Asp Thr Gln Phe Val Arg Phe Asp Ser Asp Ala Glu Asn Pro Arg Tyr Glu Pro Arg Val
CCC CGG TTC ATC TCT GTC GGC TAC GTG GAC GAC ACG CAG TTC CTG CGC TTC GAC AGC GAC GCG GAG AAT CCG AGG TAT GAG CCG CGG GTG 1359
Arg Trp Miet Glu Gln Val Glu Pro Glu Tyr Trp Glu Arg A n Thr Gln Ila Ala Lys Gly A n Glu Gln Ile Phe Arg Val Ann Leu Arg
CGG TGG ATG GAG CAG GTG GAG CCC GAG TAT TGG GAG CGG AAC ACG CAG ATC GCC AAG GGC AAT GAG CAG ATT TTC CGA GTG AAC CTG AGG 1449
Thr Ala Leu Arg Tyr Tyr A n Gln Ser Ala Gly G
ACC GCG CTG CGC TAC TAC AAC CAG AGC GCG GGC GCrGAGTGACCCCGGGTCGGACGCACGACCCCTACACTTCCCGACACAGGGACGCTGACGTCCCGGGTCCCAAGT 1557
Exon 3 ly Ser
CCGAGGTTCGGGAbACAAA ACGG ACCCGGG ACCGGTT CCCTTTCACTTTGGGGAG CCGCGSGGGG=CGGGCGGGTGACGGGC TGACCGCCGGGTCCCGCAG GC TCT 1674
His Thr Phe Gln Arg lSet Tyr Gly Cys Glu Val Gly Ser Asp Trp Arg Leu Leu Arg Gly Tyr Glu Gln Tyrr Ala Tyr Asp Gly Cys Asp
CAC ACG TTC CAA CCG ATG TAC GGC TGT GAG GTG GG,C TCG GAC TGG CGC CTC CTC CGC GCG TAC GAG CAG TAC GCA TAC GAC GGC TCC GAT 1764
Tyr Ile Ala Leu Asn Glu Asp Leu Lys Thr Trp Thr Ala Ala Asp Met Ala Ala Leu Ile Thar Lys His Lys Trp Glu Gln Ala Gly Asp
TAC ATC GCC CTG AAC GAA GAC CTG AAA ACG TGG ACG GCG GCC GAC ATG GCG GCCC CTG ATC ACC AAA CAC AAG TGG GAG CAG GCT GGT GAT 1854
Ala Glu Arg Asp Arg Ala Tyr Leu Glu Gly Thr Cys Val Glu Trp Leu Arg Arg Tyr Leu Gln Leu Gly A n Ala Thar Leu Pro Arg Thr
GCA GAG AGA GAC CGG GCCC TAC CTG GAG GGC ACG TGC GTG GAG TGG CTC CGC AGA TAC CTG CAG CTC GGG AMC GCG ACG CTG CCG CGC ACA 1944
G GTGCAGGGCCGCGGGCAGCTCCTCCCTCTGCCCTCGGGCTGGGGCTCAGTCCTGGGAACGAACTCGC CGGTGATG CCCCTCTC _C=CCTGT 2063
CTCCTGATCCCTCATCACAGGGACTG CACTGA GTCTCCCAGGG CTCAGCCTTCTCCCTG GAC U;TGCCCGCTCTTCT e_CCCTCC C 2 183
TCCCTTCACTTCCCCTGCAGCCTCTGTCAGCCATGGCCTCTCCCAGCTzIIT=l:lCCCACCCCCACTTCTCTGACACTGACTCCTTCSCTCTG CTGGCAGCTACACC 2303
TCAGGACCGGAAGTTCCTTAC TAAC GGACUTCCT: CACA GATCCCTCCCTCTCTGTGGG 2423
CITITGCACCCCTCUC A T C T T T C __ CT T T CTTCTCTCTCI=TT 2543
TCCCT LLILLLCCSLILLKrlr-Lrr-rLXLII C t 2663
CCATGAACTCAGMAATCTGCCTGCCTCTGCTCC 2783
TGTTTCTATICAGCTTTTTGCTTGGA(;GATCCAGCTCTCCATCCCTCCTATTATCATTGTCAlCTCTCCACAGTCCA_ GAGCTCACTGAMTTAG ACAAG 2903
TTAAATC C A C T C TTCCTCTGCCC AMTACC CC 3023
3143
CACAGCACACTCCAGGGA,TCCTGCTGCACACCTGTACCTTGTCCC 3263_ _ _ _ r _ _TCATACCCCCT-TmMTATGACTCMACACATWTTAMTTAGTTATTTTCCATTC~~~cc 3383
TCCTCCA T_ TQCTToCATCCTrGTCCCTGCCATTCG3503
CCTCTGCTGAGGGGACCAGCTCTGCTTTTGCCACTAGTUCGATGACAGTTG11 GTGTCAGACACATAGTrCACTGT rTC ACTTGGTTTATATTGGAGATCGTTCAC IGCT 3623
Exon 4 *p Ser Pro Lys Ala His Val Thar Arg His Ser Arg Pro Glu Asp Lys Val Thar Leu Arg Cys
rAC C A C A~ ~~ CCACAG AT TCC CCA AAG GCC CAT GTG ACC CGT CAC AGC AGA CCT GMA GAT AAA GTC ACC CTG AGG TGC 3720
Trp Ala Leu Gly Phe Tyr Pro Ala Asp Ile Thr Leu Thr Trp Gln Leu A n Gly Glu Glu Leu Thr Gln Asp Mlet Glu Leu Val Glu Thr
TGG GCC CTG GGC TTC TAC CCT GCT GAC ATC ACC CTG ACC TGG CAG TTG AAT GGG GAG GAG CTG ACC CAG G&C ATG GAG CTT GTG GAG ACC 3810
Arg Pro Ala Gly Asp Gly Thr Phe Gln Lya Trp Ala Ser Val Val Val Pro Leu Gly Lys Glu Gln Tyr Tyr Thr Cys His Val Tyr His
AGG CCT GCA GGG GAT GGA ACC TTC CAG AAG TGG GCA TCT GTG GTG GTG CCT CTT GGG AAG GAG CAG TAT TAC ACA TGC CAT GTG TAC CAT 3900
Gln Gly Lou Pro Glu Pro L nThrLuArg Trp G
CAG GGC GCC CCT GAG CCC CTC ACC CTG AGA TGG G CCCGCTGCCTCCGGACT4CAGACCC GTA TACCG CCCA C CCT 1008
Exon 5 lu Pro Pro Pro Ser ThrVHi S rAla Thr Val Ile Ile A oaVGiLeu Vas
TCGACTGAGCTCACCTTCACCC CTTCTACCTGTCCTTCCCAG AG CCT CCT CCA TCC ACT CTC TCC MC ACG CTA ATC ATT GCT CTT TO CTT 4111
VaP Leu GPy Ali Ae IleVa l Thr Gay Ala A r Gb Ph. Valart Lys Aat Arg Arg Arg AsnThr A
CTC CTT GGA CT TCA ATA CTC ACT GGA GCT GTG GTC GCT TTC CC ATCC AC ATC ACA AGCGAGA GCCACA G 4C207C13
CCCCCCTC UTCCTTTAGATTCCTGCTaCA TCAATGGACAGGCACACCCC ACATGACTACCTACTGCTCTACT==CAGTCTACACTTCTATTCAAGATCT 4327
Exon 6 P y GTy LysTrp Gl Gly Aap Tyr AGi Lou Ala Pro G
TCCTGGACTCTCACGAGCTCTGAGTCACC GAGTA O GAO GAC TAT GCT CTG GCCT GCCCMCC AT CCA 4434
ClTGAGAGATGGAGTCTGGGAATCTAAACCCATC T G T C CC A= = C T TG A A A A Z1 4554
Exon 7 ly Ser Gln Thr SerAG p Leu Ser Lou ProAC p Cys Lys V
TACCCTAG GC TCC CAT ACC TCT GAT CTC TCT CTC CCA GAT TGT A GGAGTCACAACCTACACTCCCATCCA ACCTGACGTTTGGGTTTCAGG 4659
Exon 8 al Mot VaI His AsP Pro HWs Ser LeuAlyTrS
AACTCCCAGAATCCCCTGTGAGTGAGTGATG<GTTGTTCG,TGTGCTTCACAI TG ATG GTT CAT GAC CCT CAT TCT CTA UCG TGC AACACUCTUCCTGGAGTGGA 4767
CTT GCCGCACCTTAAC CCACICTC CTATCG_C_C__ _AAGAATGGJiGA C 4887
CAGTCCACCCCTCTACACCAGTACTAC CCTOTCACTO CTCGCTTCCCTTCCACAGCCACC CTCCC CG CCC TCT 5007
CCTGAC GCT TCCT TGTTATCACTOC C C T T 51287
1LK-j:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~CGGr-CTCATA_TG5247
CATGAGTGAGAGACAGGGCTGCCTACGCTGGACTCCCTACTGTGCCC GGGTCCCCCTCCACTGGCAGATAGCTGCGCCCGOTTCCCTCTATCACTAT GACCCACATGCTCA 3647
GACCTTC ICCCCTCACTCTO C ATCC CCsTACCCCTCCCGG AAT CCCT CTGCCA 5478
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TABLE I: Nucleotide sequence homology* of exons
and introns of three H-2 K alleles
Alleles Exon: I II III IV V VI-VIII
compared -
Kk_Kb 94 90 91 98 96 100
Kk_Kd 95 88 92 94 96 97
Kd Kb 92 90 89 94 91 97
Introns: I II III IV V VI VII
Kk_Kb 95 95 -§ 100 100 100 96
Kk_Kd 95 96 94 95 96 98 98
Kd_Kb 93 96 -§ 95 96 98 98
* The homology is given as percentage b
§ Sequence information for the third intron of the H-2K
gene is not complete
in nine positions in the three extracellular domains (Figure 4).
Five of these are contained in the al domain and of these all ex-
cept one are present in the hypervariable cluster at positions
62-83. Another three are scattered in the a2 domain at positions
99, 156 and 173. The a3 domain contains the last allele-specific
residue at position 191.
The Kk and Kb antigens each have two glycosylation sites,
one in the al domain at position 86 and the second in the a2 do-
main at position 176 (Figure 4). The Kd antigen has an additio-
nal carbohydrate group in the a3 domain at residue 256. At this
position the Kb and Kk polypeptides contain tyrosine residues.
Figure 3. Complete DNA sequence of the H-2Kk gene.
The sequence was determined as previously described (19) in com-
bination with the Maxam and Gilbert procedure (20). The deduced
amino acid sequence is shown on top of the DNA sequence. Trans-
criptional promoting elements are underlined. The first nine
amino acids for exon 8 are given in italics because of the uncer-
tainty over which acceptor site is used.
9481
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C I-DOUAIN 10 20




- - - - Val - - - - - - - - - Glu - - Tyr Met
Kd _ _ - - - - - - Val - - - - - - - - - Glu - -
30 40
k r Val Gly Tyr Val Asp Asp Thr Gln Phe Val Arg Phe Asp Ser Asp Ala Glu Asn Pro Arg Tyr Glu
Kb Glu - - - - - - Glu
Kd Ala - - - - - - - Asp- - -Phe-
50 60
Kk Pro Arg Val Arg Trp Met Glu Gln Val Glu Pro Glu Tyr Trp Glu Arg; Thr Gln Ile Ala Lys Gly
Kb - Ala- Glu Gly - - - - - Glut- - Lys - - -
K8 - - Ala Pro - - - - - - GluG-- Gln -_ Arg - - Ser
Kk70 80 ~~~~~~~~~~~~~~~~~~~~90k Asn Glu Gln Ile Phe Arg Val Asn Leu Arg Thr Ala Leu Arg Tyr Tyr Asn Gln Ser Ala Gly
Kb - - - Ser - _ - Asp - - - Leu - Gly-Lys -
ld Asp - [e- - GnLys -
OC 2-DOMAIN
91 100 110
H-2 Xk Gly Ser His Thr Phe Gln Arg Met Tyr Gly Cys Glu Val Gly Ser Asp Trp Arg Leu Leu Arg Gly Tyr
Kb - - - - Ile - Val Ile Ser-- Gly
Kd - - - -_Pe - - Asp -
120 130
Kk Glu Gln Tyr Ala Tyr Asp Gly Cys Asp Tyr Ile Ala Leu Asn Glu Asp Leu Lys Thr Trp Thr Ala Ala
Kb n-
Kd Gln - Phe - _ _ -Arg-
140 1501k Asp Met Ala Ala Leu Ile Thr Lys His Lys Trp Glu Gln Ala Gly Asp Ala Glu Arg Asp Arg Ala Tyr
Kb-Gi - - Leu - - -
Kd - Thr- Arg Ara-Tyr - - -
160 170 ____180
Kk Leu Glu Gly Thr Cys Val Glu Trp Leu Arg Arg Tyr Leu Gln Leu Gly Asn Ala Thr Leu Pro Arg Thr
Kb-
_ _ Lys Asn - Len - -
Kd - - - Glu uGlu Leu - -
G 3-DOMAIN
183 190 200
H-2 lck Asp Ser Pro Lys Ala His Val Thr Arg His Ser Arg Pro Glu Asp Lys Val Thr Leu Arg Cys Trp Ala
Kb-_ _ _ _ _ _ - His -
Kd -Tyr - Pro - Ser Gln ValAsp-
210 220
Kk Leu Gly Phe Tyr Pro Ala Asp Ile Thr Leu Thr Trp Gli. Leu Asn Gly Glu Glu Leu Thr Gln Asp Met
Kb.-I-i-.-- - - - - - - -- - - -
-d p
- - - - - - - -
- - - - -
-Ap-
230 240 250
Kk Glu Leu Val Glu Thr Arg Pro Ala Gly Asp Gly Thr Phe Gln Lys Trp Ala Ser Val Val Val Pro Leu
Kb _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Kd _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - Ala -
260 270
lck Gly Lys Glu Gln Tyr Tyr Thr Cys His Val Tyr His Gln Gly Leu Pro Glu Pro Leu Thr Leu Arg Trp
Kb _ _ _
Kd - - - - AsnHis - Lys-
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The codons used here for tyrosine (TAT) and asparagine (AAT) dif-
fer by only one nucleotide, most likely changed by a single muta-
tion.
Identification of K allele-specific sequences
By comparing protein and nucleotide sequences of the three H-2
genes we have identified sequences unique for each K allele.
Allele specific sequences are very useful as such information can
be used for the synthesis of unique oligomeric DNA probes. We
have found one such sequence for the H-2Kk gene in the al domain,
amino acids 62-66 (Figure 5A). This sequence is 15 nucleotides
long and differs by 7 and 5 nucleotides from the H-20 and Kb
alleles, respectively. A Kb specific sequence is found in the
a2 domain, residues number 94-100 (Figure 5B). This sequence is
19 nucleotides long and has already been used as probe to identi-
fy Kb specific sequences (30). Residues 191-198 of the a3 domain
of the Kd antigen define a sequence potentially unique for the Kd
allele. It is distinct from the Kk and Kb sequences in 9 and 8
nucleotides, respectively out of 24 (Figure 5C).
DISCUSSION
k
The DNA containing the authentic H-2Kk gene was isolated from the
two inbred mouse strains Bl0.BR and AKR/J. The BlO.BR DNA was
found to contain a second H-2K gene. This clone of DNA (7A) was
shown to contain an H-2Kb-like gene (B. Arnold, A. Archibald and
S. Kvist, unpublished results). When introduced into 1T 22-6
cells (H-2q), a fibroblast cell line, the DNA of clone 27-2 (AKR/
J DNA) directed the expression of the H-2Kk antigen. This was de-
monstrated by using monoclonal antibodies specific for the H-2Kk
antigen (23). We believe that clone 6D contains the 3' end of the H-2
Kk gene of the BlO.BR strain for the following reasons. First, it
Figure 4. Amino acid comparison of the three extracellular
domains of three H-2K allelic antigens.
On top the sequence of the H-2Kk allele is shown. Homology is
indicated by a dash. The boxed amino acids are allele-specific.
The two stars indicate the glycosylation sites and the arrow at





Kk 5 CGG AAC ACG CAG ATC 3'
Kb --- G-G --A --- -AA
Kd GA- C-G --A --- -GA
B. 94 100
Kb 5' CT ATT CAG GTG ATC TCT GG 3
Kk -G T-C --A CG- --G -AC --
Kd -G T-C --- CG- --G -TC --
C. 191 198
Kd 5' TAT CAC CC C AGA TCT CAA GTT GAT 3'
Kk CG- --- AG- --- C-- G-- -A- A-A
Kb C--, --- AG- --- C-- G-- -A- A-A
Figure 5. Allele specific sequences for the H-2K locus.
Dashes indicate homology to the sequence shown on top. The
numbers refer to the amino acid positions in the antigen.
carries the K-locus specific sequence at its 3' end and can there-
fore be assigned to the K-locus. Secondly, its restriction map
is identical to that of clone 27-2, which contains the authentic
H-2Kk gene. Thirdly, partial DNA sequence analysis of clone 6D
confirms its identity with the gene in clone 27-2.
The DNA sequence of the Kk gene of clone 27-2 was determined
and shows an extraordinarily high degree of homology to the H-2Kb
gene. The differences are almost exclusively confined to exons
2 and 3. It has been shown that the introns of the Kd and Kb
genes display a higher degree of homology than the exons of these
genes (11). The same is true when these genes are compared to
the H-2Kk sequence. The introns of all three H-2K alleles are 95-
98% homologous whereas the corresponding figure for the exons is
92-94%.
Recently, the complete amino acid sequence of the al domain
of the Kk antigen has been determined (31). This sequence is
identical to the sequence deduced from the Kk gene presented
here, except for one amino acid. Comparison of the amino acid
sequences of the three H-2K alleles reveals that the Kk and Kb
antigens are much more similar to each other than to the Kd anti-
gen. The differences between the two former proteins are con-
9484
Nucleic Acids Research
fined to the al and a2 domains where the nucleotide sequences al-
so have diverged most extensively.
In nine amino acid positions of the three extracellular do-
mains we have found unique residues for each K allele (Figure 4).
Of these 27 amino acids not less than 14 are charged or polar re-
sidues (Arg, Lys, Asn, Asp, Gln, Glu and His) and as many as 21
are clearly nonhydrophobic residues (i.e. when serines and tyro-
sines are included). We would expect these amino acids to be ex-
posed on the surface of the protein and thereby accessible to in-
teract with other molecules. Future studies, using site directed
mutagenesis, will clarify whether these residues are directly in-
volved in antigenic determinants for antibodies or cytolytic T
cells or not.
We have identified specific nucleotide sequences for each of
the H-2K alleles. Such sequences are useful as synthesized oligo-
nucleotides can be used as probes to distinguish one H-2 gene
from another. The Kb allele-specific sequence is unique with res-
pect to both locus and haplotype (30). For the H-2 Kk and Kd
allele-specific sequences (Figure 5) we do not know if other H-2
genes within the same haplotype (H-2k and H-2d, respectively)
carry similar or identical sequences. If this would be the case
it might be possible to use the allele-specific probes to study
the question of whether one of these genes (for instance in the D,
Qa or Tla regions) has donated the unique sequence to the K gene.
In such a study the donor gene for the Kbml mutant gene has al-
ready been identified (32,33,34,35). Further analyses with such
probes might help elucidate the mechanisms(s) of the phenomenon
termed gene conversion.
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